Background: We reviewed resection of pulmonary metastases preformed by the Department of Thoracic Surgery at Kyoto University Hospital to confirm the clinical significance of this surgery in patients with colorectal carcinoma and a history of hepatic metastasis. Methods: From 1992 to 2006, 19 patients with colorectal carcinoma and a history of hepatic metastasis underwent a pulmonary metastasectomy . Surgical outcomes of these patients were investigated in terms of various perioperative variables. Results: Sixteen of 19 patients showed metachronous presentation of hepatic and pulmonary metastases, while 3 patients showed synchronous presentation. Overall survival rate after the pulmonary resection was 93%, at 1 year; 75%, at 3 years and 60% at 5 years. Three years after the pulmonary resection, none of the patients with synchronous hepatic and pulmonary metastases survived, while patients with metachronous metastases had an overall survival rate of more than 80%. Interestingly enough, the overall survival curve of the patients with colorectal carcinoma and a history of hepatic metastasis, who underwent a pulmonary metastasectomy was almost the same as that of patients who did not have the surgery, during the same period. Conclusion: Aggressive resection of pulmonary metastases in a select group of colorectal cancer patients with a history of liver metastases might result in prolonged survival.
Introduction
Surgical resection has become the standard therapy for various metastatic malignancies to the lungs and has been consistently shown to prolong survival among patients with pulmonary metastases. 1, 2) Similar results have been obtained for lung metastases from colorectal carcinomas. [3] [4] [5] [6] [7] [8] Most of the patients with resection of colorectal carcinoma are likely to have a recurrence, and the liver as well as the lungs are the most frequent sites for its recurrence. 9) Furthermore, around 10% of patients with colorectal carcinomas will have both liver and pulmonary metastases. 10) Although a large number of published case series have confirmed the effectiveness of surgical resection of lung metastases from colorectal carcinoma, [3] [4] [5] [6] [7] [8] the management of patients with both hepatic and pulmonary metastases from colorectal carcinoma is far more controversial. Therefore, we reviewed the clinical data of patients with colorectal carcinoma and a history of hepatic metastasis, who underwent a pulmonary metastasectomy in the Department of Thoracic Surgery at Kyoto University Hospital to determine the long-term results and the prognostic predictors of survival in this subset of patients.
Patients and Methods

Study design
Between April 1992 and March 2006, according to our medical records, 75 patients had received curative pulmonary resection for the first time due to metastasis of colorectal carcinoma. Of 75 patients, 19 (25%) had a history of hepatic metastasis, while 56 (75%) did not.
Preoperative investigation
Detection of metastatic pulmonary nodules was made by x-radiography and computed tomography that was routinely examined at several monthly intervals, after the first diagnosis of the primary tumor. Tumor markers, such as carcinoembryonic antigen (CEA), were also used as a possible indicator of tumor recurrence. Further examinations were also performed to exclude extrapulmonary metastases. Preoperative pathologic diagnosis was not confirmed routinely, and pathologic diagnosis was done upon examination of a frozen section, intraoperatively. A definitive diagnosis was finally made after examination of a formalin-embedded specimen.
Selection criteria for pulmonary metastasectomy
All patients who underwent resection of their pulmona r y metastases met the following cr iter ia: (1) radiological examinations confirmed that pulmonary lesions were resectable (2) clinical condition of the patient was acceptable for surgery, (2) no distant metastases, except for pulmonary and hepatic lesions were observable, (3) both pulmonary and hepatic metastases could be removed completely, if present, and (4) locoregional control of the primary cancer was obtained or obtainable.
Surgical technique
Complete resection was defined as the absence of tumor cells at the surgical margin of the resected lung, examined macroscopically and histologically. All the visible and palpable nodules were resected during the surgery, and the histological examinationconfirmed the diagnosis of metastases. The surgical approach was chosen according to the location and number of pulmonary nodules. All surgical procedures were performed by open thoracotomy until 1997, while video-assisted thoracic surgery has been utilized since 1998. The detailed regimens of chemotherapy were different among patients and times; however, almost all the patients underwent preoperative and/or postoperative chemotherapy.
Data management
All patients were retrospectively analyzed for age, gender, location of primary tumors, metastasis at the time of primary tumor diagnosis, recurrence of primary tumor ahead of lung metastasis, CEA levels before pulmonary metastasectomy, number and location of pulmonary metastases, maximum tumor size, diseasefree interval (DFI), types of surgical resection, and number of metastasectomy for pulmonary recurrence, regarding long term survival. DFI was defined as the duration from the resection of the primary tumor to the initial diagnosis of the metastatic pulmonary tumor. The endpoint was overall survival (OS) and disease-free survival (DFS) after the first pulmonary metastasectomy.
Statistical analysis
Statistical analysis was performed using the StatView (version 4.5) software package (Abacus Concepts, Berkeley, CA). The patient characteristics were analyzed with the Fisher's exact probability test. The postoperative survival rate was analyzed by the Kaplan-Meier method. The prognostic influence of variables on survival was analyzed using the Log-rank test for univariate analyses. Differences were considered significant when P < 0.05.
Results
Patient characteristics
From 1997 till 2006, 19 patients with a history of hepatic metastasis underwent a thoracotomy and resection for pulmonary metastasis from colorectal carcinoma. The patients were 5 males and 14 females with a median age of 63 years (range, 42 to 74 years, Table 1 ). In terms of metastasis at the time of primary tumor diagnosis, 5 of 7 patients showed liver metastases and the rest 2 patients presented liver and lung metastases. Furthermore, 2 of 7 patients who had liver metastasis at the time of colorectal carcinoma diagnosis, and who had a complete resection of both lesions developed liver metastasis again before the first pulmonary metastasectomy. As of recurrence of primary tumors ahead of lung metastases, 11 of 14 patients showed only liver metastases and the remaining 3 patients, presented with liver and locoregional metastases.
Liver metastasis
Sixteen of 19 patients showed a metachronous presentation of hepatic and pulmonary metastases, while the remianing 3 patients showed a synchronous presentation.
In 16 patients with metachronous presentation, 7 patients showed simultaneous liver metastases at the time of detection of primary colorectal cancer. In 3 patients with a synchronous presentation, 2 patients showed simultaneous liver and lung metastases at the time of the detection of primary colorectal cancer, while 1 patient presented with simultaneous liver and lung metastases, one year after the curative resection of primary colorectal cancer. Eighteen of 19 patients underwent curative surgical resection for liver metastasis, and only one patient underwent a transarterial embolization instead of a surgical resection.
Surgical resection
Three of 6 patients with bilateral tumors underwent simultaneous bilateral thoracotomy, whereas we had planned and completed a staged bilateral thoracotomy for bilateral lesions in three patients. As for the number of surgeries, staged bilateral thoracotomies were counted as one operation. An attempt was made to conserve as much lung tissue as possible. This was reflected by the fact that wedge resections were the most common procedures performed. We preformed a lobectomy in only 2 of 19 patient. No patients died directly of surgery and all patients were discharged home after pulmonary metastasectomy.
Recurrent disease
Ten out of 19 patients had a recurrence after the first pulmonary metastasectomy. As shown in Table 2 , most of the first recurrent sites after the pulmonary metastasectomy were in the lungs. There were no patients who developed liver metastasis first after the pulmonary resection. Repeat pulmonary resections were undertaken in 6 patients ( Table 1) .
Survival
Median follow-up time was 23 months. After the pulmonary resection, the OS rate was 93.3% at 1 year; 74.7% at three years; and 59.7% at 5 years (Fig. 1) . In patients with metachronous liver and pulmonary metastases after the pulmonary resevtion, the OS rate was 92.3% at 1 year, 82.1% at 3 years, and 65.6% at 5 years. None of the patients with synchronous metastases had survived beyond 3 years (P = 0.23, Fig. 2) . The DFS rate after the pulmonary resection was 75.5%, at 1 year, 18.9% at 3 years, and 18.9% at 5 years. There was no significant prognostic factor for a better OS or DFS ( Table 3) . When the group of patients with a history of hepatic metastasis was compared with those without a history (n = 56) in the same period, there was no significant difference in the OS curve between the two groups (P = 0.95, Fig. 1) . Likewise, there was also no significant difference between the groups in terms of DFS (P = 0.32). 
Discussion
Pulmonary metastasectomy for colorectal carcinoma has become the standard therapy, although there are controversial studies that have examined prognostic factors for these pulmonary resections. [3] [4] [5] [6] [7] [8] Colorectal cancer patients with untreated metastatic disease have a median survival of 6-9 months and a 5-year survival of less than 5%. 11, 12) Furthermore, median survival is at best between 16 and 20 months, even with the newer chemotherapies or biological agents. 12, 13) Thus, surgery still remains the mainstay in treatment for patients with resectable metastasis from colorectal carcinoma. The lungs and the liver are the most frequent sites for metastasis in colorectal carcinomas, and approximately 5% to 10% of patients with colorectal carcinomas will have both liver and pulmonary metastases. 10) This is why the management of patients with both hepatic and pulmonary metastases from colorectal carcinoma is definitely important. Therefore, we decided to report our experience with pulmonary metastasectomy in patients with colorectal carcinoma with a history of hepatic metastasis and to evaluate its role in their treatment focusing on OS and DFS.
The 5-year OS rate for patients who underwent a complete resection of pulmonary metastases for colorectal carcinomas was approximately 50%, ranging from 30%-60% in several reports. [3] [4] [5] [6] [7] [8] By contrast, the 5-year OS rate for patients who underwent a combined hepatic and pulmonary metastasectomy for colorectal carcinoma reportedly seemed lower, varying from 11 to 52%. [14] [15] [16] [17] [18] [19] In comparison with these previous reports, our outcomes of pulmonary metastasectomy for colorectal carcinomas appeared to be acceptable in terms of the OS rate. Furthermore, interestingly enough, the OS rate of pulmonary metastasectomy for colorectal carcinomas with a history of hepatic metastases was almost the same as that without a history of hepatic metastasis in the same period.
Patients with liver and lung metastasis are thought to have two metastasizing drainage routes, that is, through the portal venous system to the liver and through the systemic venous system to the lung. The spread of malignant cells through the two drainage routes to systemic organs is likely to make the disease more resistant to treatment and reduces survival, especially for the patients with synchronous metastasis. In our study, the OS and DFS were not affected by the existence of a history of hepatic metastasis. This could be understood when it might be considered that majority of the patients were metachronous liver and lung metastasis in this study since the spread of malignant cells through the two drainages at the same time, that is, simultaneous metastasis was considered an adverse prognostic factor. 20) Although there was no significant differences in the OS between the patients with metachronous liver and pulmonary metastases and those with synchronous metastases in our study (P = 0.23, Fig. 2 ), but this would probably be due to the small number of cases in the group of synchronous metastases. In fact, there were no patients with synchronous metastases who survived more than 3 years, while the OS rate in patients with metachronous liver and pulmonary metastases was more than 80% at 3 years after the pulmonary resection. Our results also imply that aggressive treatment is recommended for patients with metachronous liver and pulmonary metastases.
To date, several parameters, such as stage of the primary tumor, 6, 8) DFI, 4) CEA levels, 4) vascular invasion of the metastatic lesion, 5) and number of lesions 7) have been reported as prognostic factors for pulmonary metastasectomy of colorectal carcinoma. In the current study, we did not find any prognostic factors for pulmonary metastasectomy in the patients with a history of liver metastases. It is difficult to interpret the results of this study, but it might be mainly related with the patient numbers inthe subgroup, and further studies would also be necessary.
There are several limitations to this study. Firstly, this study dealt with a select group of patients with metastatic colorectal carcinoma, who were considered for pulmonary metastasectomy after liver metastases from their well-controlled original diseases. Secondly, the retrospective design is the most practical way of addressing our question, but the results should be interpreted with caution. Last but not least, chemotherapeutic regimens and surgical strategies have evolved substantially and rapidly over the last decade and continue to be highly individualized. In this study, we did not analyze the patients in this respect, but preoperative and/or postoperative chemotherapy might have some influence on our results. In the near future, prospective study would be necessary in terms of a combination of metastasectomy and adjuvant chemotherapy for several subsets of patients with pulmonary and liver metastases from colorectal carcinoma.
Conclusions
Our study demonstrated that overall survival after pulmonary metastasectomy for colorectal carcinoma with a history of hepatic metastasis was as we had expected. Resection of pulmonary colorectal metastases might improve survival in selected patients who underwent hepatic resection for colorectal liver metastases at an earlier stage.
